Abstract. The human metastasis associated lung adenocarcinoma transcript 1 (MALAT-1) as a long non-coding RNA known to be misregulated in many people who are detected with cancer. Our earlier studies found that MALAT-1 plays a pivotal role in colorectal cancer (CRC) metastasis. In this study, we analyzed the MALAT-1 gene in five fragments. We employed the sequencing process to identify MALAT-1 mutations in the following types of samples: CRC cells (SW620, SW480), normal colorectal tissues, and primary CRC tissues. We were successful in detecting the following mutations: fragment 5434 nt-6951 nt of the MALAT-1 was mutated in SW620 cells, while fragments 5434 nt-6951 nt and 6918 nt-8441 nt of MALAT-1 were mutated in SW480 cancer cells and primary CRC tissues. We over-expressed five fragments of MALAT-1 in the CRC cell line SW480; simultaneously ensuring that MALAT-1 had low expression. Our data illustrated that one of the 5 fragments (6918 nt-8441 nt) located at the 3' end of MALAT-1 plays a pivotal role in the biological processes of cell proliferation, migration and invasion. Based on these observations, we can infer that the 3' end of MALAT-1 is an important biological motif in the invasion and metastasis of CRC cells. We have successfully presented the first evidence that mutations were found on the long non-coding RNA MALAT-1 in CRC. Moreover, long non-coding RNA MALAT-1 has an important biological motif located at the 3' end of MALAT-1 (6918 nt-8441 nt) in CRC. Our study gives a new direction to research primarily focused on exploring the molecular mechanisms occurring during the invasion and metastasis of CRC.
Introduction
Coding RNA and non-coding RNA (ncRNA) constitute the two major families of RNA. As compared with microRNA, long non-coding RNA research is gaining attention. In this study, several interesting facts were revealed through the sequencing of the human genome. This study was successful in discovering the following facts: there are only ~20,000 protein-coding genes, representing <2% of the total genomic sequence (1) . It is still not clear if this pervasive transcription should be considered as completely useless (transcriptional 'noise') (2-4) or if non-coding RNAs (ncRNAs) with important functions exist (5) . Some data indicate that these non-coding RNAs (ncRNAs) perform several significant functions, such as transcription interference, induction of chromatin remodeling and histone modifications, modulating alternative splicing patterns, generating endo-siRNAs, modulating protein activity, playing a role in structure or organization, altering protein localization, and acting as a small RNA precursor (6) .
CRC is one of the most common malignant tumors, with an increasing rate of incidence that is reported throughout the world. Metastasis is the main cause for the failure of the treatment (7). We cannot exactly identify individuals who are more prone to metastasis on the basis of their clinical and histopathological findings, including the molecular markers that are known (8, 9) . We have not been successful in gaining a thorough understanding of the early molecular mechanisms (10) (11) (12) (13) (14) . Current treatment methods are not capable of deciphering key genes and signaling cascades involved in the metastasis of human CRC thus remaining elusive. The human metastasis associated lung adenocarcinoma transcript 1 (MALAT-1) is basically defined as follows: MALAT-1 is a long non-coding RNA consisting of more than 8,000 nt expressed from chromosome 11q13. It has high expression in many cancer types, and it is related to metastasis. Because MALAT-1 lacks significant open reading frame, it cannot translate protein in vitro (15) . Furthermore, the MALAT-1 transcript is associated with human lung adenocarcinoma metastasis: it is a long non-coding RNA that is known to be mis-regulated in many types of cancers detected in humans (16) . It has been demonstrated that high expression of this gene is related to CRC metastasis (17) .
In this study, MALAT-1 was divided into five segments, each overlapping and covering the entire length of the MALAT-1.
We used an RT-touchdown PCR to amplify these five fragments of the MALAT-1, and the mutations were identified on the basis of sequence analysis. For conducting further characterization of the role of these five segments of MALAT-1 in CRC invasion, we constructed an over-expression vector. In addition, functional experiments were performed using human CRC SW480 cell line -a low in vitro metastatic potential cell line.
Materials and methods
Nucleic acid extraction and amplification by RT-touchdown PCR. RNA was extracted from CRC cell lines SW620 and SW480, CRC tissues samples, and normal colorectal tissues samples using TRIzol Reagent (Invitrogen, Germany). One microgram from each sample was used for the complete procedure of cDNA synthesis. Because the RNA was available in limited amounts, cDNA was synthesized and amplified in accordance with the RT-touchdown PCR (all primer sequences are given in Table II) . Amplification of gAPDH served as a loading control. PCR conditions that were employed in the process are briefly stated: 1 min at 95˚C, 20 sec at 95˚C, 20 sec at 62˚C, and 1 min at 72˚C. PCR was amplified for 2 PCR cycles with 1˚C lower annealing temperature, until 50˚C, 20 sec at 95˚C, 20 sec at 50˚C, 1 min at 72˚C, 11 cycles, and 3 min at 72˚C, a total of 35 cycles. The PCR amplified products were subjected to electrophoreses on a 1% agarose gel.
CDNA cloning and sequencing. The PCR products were purified from CRC cell lines SW620 and SW480, CRC tissues samples and normal colorectal tissues were cloned into a standard vector (PTA2 Cloning, Toyobo). Eight positive clones from each reaction were randomly selected and grown overnight in 2 ml of LB medium. Then, these plasmids were isolated. The inserted fragments of MALAT-1 were identified and analyzed using restricting enzyme digestion. Furthermore, individual clones were sequenced using standard procedures of dye terminator chemistry on a 3700 Sequencer (Applied Biosystems). Sequences were compared to sequences in GeneBank using the Blast program at the NCBI. After conducting sequencing successfully, the five fragments of the MALAT-1 gene were sub-cloned in the pEGFP-C1 vector (Clontech, USA); then these recombinant eukaryotic expression vectors were constructed using the gene recombination technique for construction of the recombinant plasmids pEgFP-C1-MALAT-1/fragments. Eight positive clones were confirmed on the basis of restricting enzyme digestion and sequence analysis.
Cell culture and transfection. SW620 and SW480 cells were maintained in RPMI medium 1640 supplemented with 10% FBS, 2 mM L-glutamine, penicillin (100 units/ml), and streptomycin (100 µg/ml) in a humidified atmosphere of 5% CO 2 and is maintained at a temperature of 37˚C. Cells were plated in growth medium without antibiotics at a density of 50-60%; this was done a day before conducting transfection. In the human colon cancer SW480 cell line, transfection of these five pEgFP-C1-MALAT-1/fragment vectors was conducted using Lipofectamine 2000 (Invitrogen, Germany) according to the manufacturer's protocol for 48 h. Fluorescent microscopy was used for observing expression of gFP transfected cells.
Real-time quantitative polymerase chain reaction (RT-QPCR).
After transfection, 1 µg total of RNA was reverse transcribed using SuperScript reverse transcriptase (Takara) and oligo (dT) primers. The resulting cDNA samples were amplified by realtime PCR using primers specific for MALAT-1/2997 nt-5541 nt, MALAT-1/202 nt-1880 nt, MALAT-1/5434 nt-6951 nt, MALAT-1/ 6918 nt-8441 nt, MALAT-1/1821 nt-3247 nt, and gAPDH (the primer sequences are given in Table III ). Amplification of gAPDH served as a loading control. The experiments were performed in triplicate.
Flow cytometry assay. After transfection, cells were collected when they were in an exponential growth phase. Single-cell suspensions containing 1x10 6 cells were fixed using 75% alcohol. The cell cycle was monitored using propidium iodide (PI) as it could successfully stain the nuclei. Finally, the fluorescence of DNA-bound PI in cells was measured using a FACScan flow cytometer (BD Biosciences): the results obtained using this device were then analyzed with ModFit 3.0 software (Verity Software House, Topsham, ME). The experiments were performed in triplicate.
In vitro cell growth assay. The cells were prepared at a concentration of 1x10 4 cells/ml, respectively. Aliquots (100 µl) were dispensed in a 96-well microtiter plates. The cells were incubated for 1, 2, 3, 4, 5 and 6 days, respectively. Three-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide (MTT) assay was performed by adding 20 µl of MTT (5 mg/ml; Promega, Madison, WI, USA) for 4 h. When MTT incubation was completed, the supernatants were removed. Then, 150 ml of dimethyl sulfoxide (DMSO Sigma, St. Louis, MO, USA) as added to each well. After 15 min, the absorbance (OD) of each well was measured and the value was recorded using a microplate reader set at a wavelength of 570 nm. The experiments were performed in triplicate.
Plate clone formation assay. From each treatment group, nearly 1x10 2 cells were added to each well (3 cm in diameter) of a 6-well culture plate. Each cell group consisted of three wells. After incubating at 37˚C for 12 days, the cells were washed twice with PBS and stained with Giemsa solution. The number of colonies containing ≥50 cells was counted under a microscope [plate clone formation efficiency = (number of colonies/number of cells inoculated) x100%]. These experiments were performed in triplicate.
Tumor cell invasion assay. Warm serum-free medium was added to the top chamber of the cell invasion chamber (Chemicon, Temecula, CA, USA); thus rehydration of the ECM layer was performed for 2 h at room temperature. Tumor cells in serum-free medium (300 µl containing 1x10 5 cells) were added to the top chamber. The bottom chamber was prepared using 10% FBS that serves as a chemo-attractant. After incubating for 48 h, we removed the non-invasive cells using a cotton swab. The cells that had migrated through the membrane and adhered to the lower surface of the membrane were fixed with methanol and stained with haematoxylin. For quantification, the cells were counted under a microscope in 5 predetermined fields at a magnification of x200. The experiments were performed in triplicate.
Statistical analysis. The SPSS statistical software package, version 13.0 (Abbott Laboratories, North Chicago, IL, USA) was used for conducting the statistical analyses. RT-QPCR assay, flow cytometry assay, plate clone formation assay, and tumor cell invasion assay were tested using one-way ANOVA. In all samples, P≤0.05 was considered to be statistically significant. In vitro cell growth assay was tested using factorial design ANOVA.
Results

Identification of MALAT-1 mutation.
Because MALAT-1 is very long, it was incised into five fragments (Fig. 1A) . In this study, it was discovered that humans and mice had highly homologous sequence of MALAT-1 as far as the fragments 6528 nt-7960 nt and 8152 nt-8336 nt of MALAT-1 (Fig. 1B) were concerned. This observation was in good agreement with the results of bioinformatics analysis. By sequencing SW480 we explored the mutation of the five fragments of MALAT-1 in the following types of samples: CRC SW620 and SW480 cell lines (these had different metastatic potential), normal colorectal tissues and primary CRC tissues. First, RNA was extracted from the SW620 and SW480 CRC cell lines, normal tissues, and primary CRC tissues. Then, the five fragments of MALAT-1 were amplified by RT-touchdown PCR ( Fig. 2A-C) ; the PCR products were cloned subsequently. Finally, TA cloned bacteria were sequenced. After conducting sequencing analysis and comparison with normal tissues, we found that the fragment 5434 nt-6951 nt of the MALAT-1 was mutated in SW620, whereas the other two fragments 5434 nt-6951 nt and 6918 nt-8441 nt of the MALAT-1 were mutated in SW480 cancer cells and the primary CRC tissues. Table I gives an overview of all mutations in the CRC cells and tissues.
Construction of eukaryotic expression vector for 5 fragments of MALAT-1 and its expression in human CRC SW480 cells.
In order to generate 5 recombinant expression vectors, the cDNA sequences of the 5 MALAT-1 fragments, derived from the normal colorectal mucosa tissue, were cloned into eukaryotic expression vector pEGFP-C1. 5 recombinant plasmids were transfected into human CRC SW480 cells using Lipofectamine-2000: these were then identified with real-time PCR (Q-PCR). This study was conducted on the human CRC SW480 cells. The data obtained in this study suggest that the five fragments of MALAT-1 exhibit over-expression with real-time quantitative PCR (Fig. 3) .
Identifying the biological behavior of the five fragments of MALAT-1 in human CRC SW480 cells.
To confirm the role of MALAT-1 in the biological processes of proliferation, invasion and metastasis of CRC, 5 fragments of MALAT-1 expression vectors were over-expressed in CRC cells SW480 in vitro. In this study, we were successful in detecting their biological function in proliferation, invasion and metastasis. As shown in the cell cycles, the cellular content in the G2 phase of the 5 segments was increased remarkably in the SW480 CRC cell line. In addition, the cellular content was the highest in the G2 phase of fragment 6918 nt-8441 nt (Fig. 4A ) (P<0.01). Comparing the plate colony formation efficiency in the 5 fragments of the MALAT-1, we discovered that the formed colonies expressed these 5 segments of MALAT-1 in SW480 cells in a significantly different manner. It is interesting to note that the formed colonies expressing fragment 6918 nt-8441 nt were maximal ( Fig. 4B ) (P<0.001). In addition, MTT assay results consistently agree with the cell cycles and plate colony formation efficiency. Similarly, SW480 cells expressing fragment 6918 nt-8441 nt have the fastest proliferation ( Fig. 4C ) (P<0.001). To investigate the effect of MALAT-1 expression on CRC cell invasion, we conducted a Matrigel invasion assay. When compared with those transfected with the control, it was found that the quantitative analysis measuring the ability of cancer cell invasion showed that: the invasion activity was significantly increased in SW480 cells when the over-expressed 6918 nt-8441 nt fragment was located at the 3' end of MALAT-1 (Fig. 4D) (P<0.001) . 
Discussion
MALAT-1 (also known as HCN, NEAT2, PRO2853 and NCRNA00 047) is located at chromosome 11q13.1: it is a polyadenylated non-coding RNA (ncRNA) of ~8 kb (15) . The aberrant expression of ncRNA has an important role in the process of cancer development (18) . MALAT-1 is over-expressed in metastasis of the following types of cancer: non-small cell lung cancer, endometrial stromal sarcoma, and hepatocellular carcinoma (15, 16) . MALAT-1 is also expressed in some normal human tissues (15) .
MALAT-1 ncRNA lacks credible open reading frames: it does not contain a valid Kozak sequence, thereby indicating that the likelihood of translation is quite impossible (15) . Major part of MALAT-1 is present in an unspliced form. Significant signal pathways have not yet been observed outside the nucleus (19) . The function of this long ncRNA is not known. Its abundance and aberrant expression in many cancers suggests that it plays a pivotal role in the development of cancer (20) .
On the basis of previous reports, several intracellular functions of ncRNA have been proposed. First, the long ncRNA plays an important role in pre-mRNA metabolism; it establishes an intimate association with SC35 splicing domains that are located within the mammalian nucleus (19) . Second, it is concentrated in nucleoli as a riboregulator, controlling expression of its targeted gene (16) . Third, it has been identified as a regulator of tumor suppressor proteins (e.g. PTB-associated splicing factor (PSF) (20) . In recent studies, a highly conserved tRNA-like small RNA of 61 nucleotides, originating from the MALAT-1 locus (7519 nt to 7576 nt), was found exclusively in the cytoplasm. The 3' end processing mechanism is significant, because it is through that mechanism of a single gene locus yields both a stable nuclear-retained non-coding RNA with a short poly (A) tail-like moiety, and a small tRNA-like cytoplasmic RNA (hMALAT-1: 7519 nt-7542 nt; mMALAT-1: 6691 nt-6714 nt) (21) . This 61 nt transcript is included in the 6918 nt-8441 nt (1524 nt) transcript that was found exclusively in our study. We suggest that this special structure can determine its very important function.
As predicted by bioinformatics analysis, we found a highly homologous sequence of MALAT-1 in both humans and mice and this sequence was located at their 3' end region of MALAT-1. Conventional theory states that homologous gene sequences of species are highly conserved in the biological evolution process. DNA sequences with functional importance are often conserved among species through negative selection (22) (23) (24) (25) . however, some studies have illustrated that a group of ultraconserved ncRNAs is altered in the case of people detected with cancer (26) .
In our study, based on the results of sequencing analysis, we deduce that the MALAT-1 RNA transcripts are mutated not only in human CRC cell lines (SW620 and SW480), but also in primary CRC tissues. Furthermore, our findings suggest that fragment 5434 nt-6951 nt of the MALAT-1 is mutated in the SW620 colorectal cell line with high metastatic potential. On the other hand, fragments 5434 nt-6951 nt and 6918 nt-8441 nt of the MALAT-1 are mutated in SW480 colorectal cell line with low metastatic potential. Moreover, fragments 5434 nt-6951 nt and 6918 nt-8841 nt of the MALAT-1 are mutated in primary CRC tissues. These mutations focus on species homologous fragments 6528 nt-7960 nt and 8152 nt-8336 nt of the MALAT-1. Our observations suggest that these mutations occurred consistently in CRC cells and tissues. This implies that these consistent mutations are not random mutations in unstable human CRC cells; instead, specific alterations play an important role in CRC development. On the basis of these observations, we speculate that these mutations occur in relatively conserved and species homologous fragments of MALAT-1; therefore, they possibly relate to CRC development and metastasis. MALAT-1 is up-regulated in placenta percreta and is strongly associated with trophoblast-like cell invasion in vitro (27) . MALAT-1 can promote cell migration and invasion. It also possibly plays an important role in cell invasion and metastasis. In this study, these roles have been confirmed. In order to determine the functional motif of the MALAT-1 in human CRC, 5 fragments of MALAT-1 mRNA transcripts were over-expressed in the human CRC cell line SW480 by the gene recombination technique. MALAT-1 mRNA transcripts originating from normal colorectal tissue were used for this purpose. We found that fragment 6918 nt-8441 nt, located at the 3' end of the MALAT-1, played an important role in the following biological processes: cell proliferation, migration, and invasion of human colorectal malignancies. Therefore, we suggest that this motif of the 3' end MALAT-1 gene (6918 nt-8841 nt) may be an important functional motif of the MALAT-1. In addition, this gene could possibly play a role in the development and metastasis in CRC.
On the basis of the data obtained in this study, we hypothesize that in the structure of long non-coding RNA MALAT-1, there are different functional motifs involved in the development and metastasis of CRC. The biological motif of MALAT-1, playing a pivotal role in metastasis of CRC, is generally located at the post-median of MALAT-1. The domain may have one, two, or even multiple motifs. Fragment 6918 nt-84411 nt of MALAT-1 is one of the most important regulation motifs. Its primary function is to promote cell proliferation and invasion. however, as mutations occur in this fragment, MALAT-1 will lose the ability to promote cell proliferation, invasion, and metastasis. In addition, as in a normal state, the fragment 5434 nt-6951 nt plays a pivotal role in maintaining cell's normal biological character and function. Because of mutation in this fragment, the MALAT-1 will lose normal regulation function, thereby promoting cancer development.
Because MALAT-1 has a significant role in CRC development and metastasis, MALAT-1 can possibly be used as a target for future drug development, and for the purpose of early diagnosis and prognosis of human CRC. Further research is needed to identify the signal pathways involved in the pathogenesis and metastasis of human CRC that are supposedly regulated by MALAT-1.
